Summary.-The chromosomes of 12 samples of cultured Chinese hamster kidney and prostate cells (4 normal and 8 transformed), whose tissue culture properties have already been described (Kirkland, 1976) have been examined for numerical change and for the appearance of abnormal markers. Six transformed kidney subclones contained a consistent telocentric marker not present in the normal parental cell, and Giemsa banding demonstrated this to be the centromere and the long (q) arm of the number 4 chromosome in all cases. Two transformed prostate subclones also contained a consistent telocentric marker, not present in similarly derived normal subclones or in the normal parental cell, and Giemsa banding demonstrated this to be a different fragment (the centromere and most of the p arm) of the number 4 chromosome. It is believed that the use of a mixed-serum culture medium, designed to stabilize the karyotype of cultured Chinese hamster cells, is at least partly responsible for the detection of these transformation-associated chromosome changes.
A NUMBER of reports in recent years have presented conflicting evidence as to whether specific chromosome changes are related to chemically induced malignancy. Some workers have observed non-random chromosome change in tumours induced by 7,1 2-dimethylbenz(x)anthracene (AhlstrOm, 1974; Mitelman et al., 1972a, b) , whereas Olinici and DiPaolo (1974) were unable to detect specific chromosome changes in tumours induced by the same chemical. Similarly, Benedict et al. (1975) discovered-specific chromosome changes in Syrian hamster cell lines transformed by 1-/I-D-arabinofuranosylcytosine and dimethylnitrosamine, but other workers found no correlation between chromosome change and spontaneous transformation of rat cells (Jackson, Sanford and Dunn, 1970) or chemically induced transformation of Syrian hamster cells (DiPaolo, Popescu and Nelson, 1973) .
We have used the Giemsa banding technique of Gallimore and Richardson (1973) to characterize the karyotypes of 6 transformed subclones of Chinese hamster kidney cells (CHMK/H) and 2 transformed and 2 untransformed subclones of Chinese hamster prostate cells (CHMP/E) which have been derived from experimental cultures and described elsewhere (Kirkland, 1976) . To facilitate this investigation, all cells have been grown in a mixedserum culture medium previously described (Kirkland, 1976) which, according to its original exponents (Yerganian and Lavappa, 1971) , was designed to minimize spontaneous breakdown of the karyotype of Chinese hamster cells during long-term subculture.
MATERIALS AND METHODS
Cell culture.-The origin of the cell clones, growth medium, isolation of subleones from carcinogen-treated cultures, and the properties of the subclones were as described by Kirkland (1976 (Kirkland, 1976 (Kirkland, 1976) , cloned prostate cells (CHMP/E), 2 normal sublcones (A and E) and 2 transformed subclones (F and G) of CHMP/E derived from treated cultures (Kirkland, 1976, Table IV) were arrested in mitosis with colcemid (CIBA-Geigy Ltd, Basle, Switzerland) and metaphase spreads were prepared by the method described by Kirkland and Venitt (1976) .
Chromosome spreads w-ere stained with Gurr's Giemsa R66 (Searle Ltd, U.K.) and at least 50 consecutive metaphases examined at a magnification of x 1250 to provide chromosome distributions. The Giemsa banding method of Gallimore and Richardson (1973) w%Nas used as previously described (Kirkland and Venitt. 1976 ) on the following cells: normal diploid lung cells (comparable with CHMK/H, Fig. 1 ), the 6 transformed CHMK/H subelones, normal CHMP/E cells, the 2 normal and 2 transformed subelones of CHMP/E.
RESULTS

Comparison of mixed-serum (YM) with single-serum medium (SSM)
The chromosome distributions of identical batches of Chinese hamster lung cells grown for 4 passages in either SSM or YM are shown in Table I . Growth of the lung cells in YM has retained a higher proportion of diploid (2n 22) (Fig. 1) , these cells were seen to be truly diploid.
Chromosome distributions for the 6 subelones of CHMK/H, derived from chemically treated and untreated cultures, Table III , and it will be seen that this clone has a near-diploid mode of 24 chromosomes and a subpopulation with 48 chromosomes, 82%0 of this subpopulation being endoreduplicated. Analysis of the Giemsabanded karyotype revealed (Fig. 3) a chromosome complement containing a normal diploid set with an additional chromosome 9, and an isochromosome derived from number 4, consisting of two q arms symmetrically (lisposed about a median centromere. Certain chromosomes illustrated in Fig. 3 are shorter than their homologues, but detailed analysis of their banding patterns suggested this was due to differential contraction rather than deletion. Despite their deviation from diploidy, CHMP/E cells had normal morphology and did not grow in soft agar (Kirkland, 1976;  Table I1V ).
Chromosome distributions for the 2 normal (A and E) and 2 transformed (F and G) subelones derived from treated CHMP/E cultures (Kirkland, 1976;  Kirkland, 1976, Fig. 2 reveals the two additional chromosomes as a number 9 and a chromosome derived from two long arms of number 4. x 1100.
with 48 chromosomes in E consists mainly of endo-reduplicated cells like the parent CHMP/E), whereas there is no clear mode and a much wider spread of chromosome number in F and G.
A number of abnormalities were seen in each subelone and some are illustrated in Fig. 4 (loss of isochromosome 4 and trisomy 5 and loss of 9 in G) but the only consistent change was a small telocentric chromosome, not present in either parental CHMP/E cells or normal subclones A and E, but found in >97%
of all the metaphases analysed in detail (> 70 in number) for each of the transformed subclones F and G. Giemsa banding again revealed this to be a consistent marker chromosome (Fig. 4) , and again to be a fragment of the number 4 chromosome, but this time consisting ofthe centromere and most of the short (p) arm.
DISCUSSION
Jackson et al. (1970) reported that for cultured rat cells, after a period of initial stability, the ploidy of the cells changed and abnormal chromosomes appeared, but that this was in no way related to transformation. Olinici and DiPaolo (1974) observed a number of chromosomal aberrations occurring in Syrian hamster cells treated with 7,1 2-dimethylbenz(a) anthracene, but saw similar changes in control cells.
The evidence presented here ( Table I) indicates again that in certain culture conditions (i.e. single-serum medium as normally used for routine cell culture) spontaneous changes in chromosome number can occur very readily. In such a situation, we feel that any specific chromosome changes associated with a putative malignant change (induced or spontaneous) would be likely to be masked as a result of the instability of the karyotype.
We have therefore attempted to stabilize the karyotype of the Chinese hamster cells used in the present study by following the suggestions of Yerganian and Lavappa (1971) , and culturing the cells in a mixed-serum medium. A comparison of the chromosome distributions in Table I shows that a mixed-serum medium has apparently caused a reduction in the proportion of aneuploidy in the Chinese hamster cell population: the system is still not perfect in that 100% diploidy is not achieved. Using Yerganian's medium (YM) for the culture of kidney cells, we have not only been able to detect a very simple numerical change (22 to 23) associated with transformed properties (Table II) but have demonstrated that the abnormal telocentric was a consistent marker in >98% of all the cells in each of the 6 transformed subelones, and by Giemsa banding revealed its origin as the centromere and q arm of the number 4 chromosome (Figs. 1, 2) .
Transformed subclone A derived from CHMK/H (Kirkland, 1976;  (Figs. 3, 4) . No spontaneously transformed prostate cells were detected (Kirkland, 1976;  Fig. 3 ), and therefore it is fair to assume that transformation in this case resulted from the action of N-methyl-Nnitrosourea. Benedict et al. (1975) have shown that if the numerical balance between two groups (5 and 7) of the chromosomes of cultured Syrian hamster cells is disturbed in a particular direction, highly malignant cells result. We have shown here that an even more specific change involving the number 4 chromosome of the Chinese hamster occurs only in those subclones showving morphological evidence of transformation and the ability to grow in soft agar, two characteristics thought to be associated with malignant transformation. We feel that the use of a culture medium designed to stabilize the karyotype of the cultured cells is at least partly responsible for this observation, and may be a useful means of isolating specific chromosomal changes from the wealthof random changes we know to occur in vitro and in vivo. Such studies of early changes could shed a welcome light on tumour aetiology. Certainly in the Chinese hamster, chromosome 4 seems particularly susceptible to change, either spontaneously or as a result of chemical treatment in vitro. Our data suggest that such changes may be associated with an alteration in the properties of cells to those which some authors believe are characteristic of malignanicy.
